A full-diallel cross of five durum wheat genotypes[Simeto (1), Ofanto (2), Acsad 65 (3), Miman-9 (4) and CRAK-10 (5)] was made in the growing season 2010-2011 at the Research Field of the College of Agriculture, Salahaddin University in Erbil, Iraq. Grains of 20 F1s and their five parents were planted on 15 November 2011 in two separate experiments, rainfall (stress) and irrigated (nonstress) using a randomized complete block design with three replications in order to study the genetic properties of days to flowering, plant height, flag leaf area, spike length, no. of spikes/plant, no. of grains/spike, 1000-grain weight, biomass yield/plant, grain yield/plant and harvest index by using Griffing, Hayman and Jinks-Hayman approaches. The results revealed that some parents exhibited positive and high general combining ability, while some hybrids showed specific combining ability for the majority of these traits. Important role of additive genetic component (D) was found for days to flowering, flag leaf area spike length, no. of spikes/plant, no. of grains/spike and biomass yield/plant under stress conditions and days to flowering, spike length, no. of spikes/plant, 1000-grain weight, biomass yield/plant, grain yield/plant and harvest index under non-stress conditions.The non-additive component (H1) was found to be important for the genetic control of all the traits under stress and non-stress conditions excluding grain yield/plant under stress conditions. The average degree of dominance (H1/D) ½ was>1 for all traits in both cases. The narrow sense heritability H n.s . was low for flag leaf area, moderate for no. of grains/spike and 1000-grain weight, high for remaining traits under stress conditions. While low for no. of grains/spike, moderate for days to flowering, flag leaf area and grain yield/plant, high for remaining traits under non-stress conditions.Under stress conditions high heterosis was exhibited by cross [1×4] for most traitswhile by cross [5×3]under non-stress conditions.It could be concluded that generated of these genotypes will serve for the breeders to develop high yielding of durum wheat under water stress und non-stress conditions by employing individual or mass selection breeding.
INTRODUCTION
The developments of improved cultivars of wheat have always remained a focalpoint for wheat breeders all over the world. For the improvement purpose, breeders have to rely upon the selection of suitable parents and crosses. Therefore, estimation ofavailable genetic variances in the early generations of crosses could be very helpful for aplant breeder. The knowledge about heritability of quantitative traits is also important forevery plant improvement program. Diallel cross technique is the one used mostcommonly to estimate inheritance and behavior of quantitative characters. Application of Griffing (1956) , Hayman (1954) and Jinks (1954) models in F 1 generation provides information regarding nature and magnitude of the geneaction involved in the inheritance of acharacter. This information would be useful to plant breeders for typesof genetic variations in the traits for which selection is intended and rapid evaluation of yielding capacity by identifying crosses which will produce superior genotypes (Ejaz-ul-Hassan and Khaliq, 2008) . Previous studies of the inheritance of different characters in wheat were mostly based on diallel analysis. Yield has prime importance in any breeding program. Thus, ultimate goal of breeder is to increase yield. Habib and Khan (2003) , Mahmood et al. (2003) and Riaz and Chowdhry (2003) describe additive type of gene action with partial dominance controlling this trait. While Inamullah et al. (2005) , Dere and Yildirim (2006) and Hassan et al. (2008) showed that over dominance type of gene action controls this parameter.On the other hand Golabadi et al. (2005) observed highest genetic variance under drought stress for grain yield while for harvest index under irrigation conditions. Ahmad et al. (2006) reported that additive component was significant for all the traits studied except no. of spikes/ plant and grain yield/plant. Dominant component was significant for spike length, no. of spikes/ plant and grain yield/plant. Ullah et al. (2010) observed additive type of gene action with partial dominance for plant height, number of spikes/plant, spike length and grain yield/plant.
The aim of this investigation was to study the gene action of some agromomic traits in durum wheat using Griffing, Hayman and Jinks-Hayman approaches under water stress and non-stress conditions which provide a fairly reliable mechanism to properly understand its nature.
MATERIALS AND METHODS
Five durum wheat genotypes (Table, 1) were crossed in a full diallel fashion during the season 2010-2011. Grains of 20 F1s and their parents was planted on 15 November 2011 in two experiments; stress (173 mm precipitation) and non-stress using randomized complete block design with three replications atthe Research Field of the College of Agriculture, Salahaddin University in Erbil, Iraq located on 36 o 10' N Latitude, 43 o E longitude and 415 m above sea level. Acsad 65: STORK CM 470-1M-2y-CMXGDAV2 490-AA'SS" 4 MIMAN-9/LDTUS-1 CDSS928207-1M-0Y-0M-0Y-2B-0Y 5 CRAKE-10 RISSA CDSS93 Y20-1Y-2Y-0B-0Y-2B-0B
The grains of each genotype were planted in a plot which consisted of single 3m rows (one per genotype) spaced 20 cm apart, with an intra-row spacing of 10 cm between plants. At maturity, a ten plants was taken randomly from each experimental unit for recording data on individual plant basis for days to flowering, plant height (cm), flag leaf area (calculated at flowering stage using the equation (leaf length × width × 0.95), (Thomas, 1975 ) (cm 2 ), spike length (cm), number of spikes per plant, number of grains per spike, 1000-grain weight (g), biomass yield/plant (g), grain yield/plant (g) and harvest index (%).
Genetic statistical analysis: An ordinary analysis of variance was performed to determine whether the genotypic differences were significant for the characters under consideration or not. Then estimates of combining ability were computed by using the method as described by Griffing (1956) Method I, random model. Heritability in broad and narrow senses, average degree of dominance, expected genetic advance and heterosis over mid parents were computed according to equationsmentioned by Singh and Chaudhary (1985) .
The data also analyzed according to Hayman approach (Hayman, 1954) (Table, 2 ). The underlying model in this analysis is:
Krs Ks Kr rs s r Jrs Js Jr y rs 2 2 2   Where, y rs =entry in rth row and sth column, µ=grand mean, Jr=mean deviation or rth parents from grand mean, Jrs=remaining discrepancy due to rsth reciprocal sum, ∫=mean dominance deviation, ∫r=dominance deviation (additional) due to rth parent, ∫s=dominance deviation (additional) due to sth parent, ∫rs=remaining discrepancy in rsth reciprocal sum, 2Kr=difference when rth line (row) is used as male and female, 2Ks=difference when sth line (column) is used as male and female, and 2Krs= discrepancy in rsth reciprocal differences.
In this technique, the total sum of squares is partitioned into various components namely: a (additive), b non-additive, which is further subdivided into b 1 , b 2 and b 3 , c (maternal) and d (reciprocal differences other than c. Significance of test of item a suggests the significance of additive effects of genes and of item b, the dominance effects. Significance of b 1 indicates that the dominance is unidirectional. It is in fact a comparison of mean of F 1 and the mid-parental value. Asymmetry of gene distribution is indicated by the item b 2 , whereas item b 3 tests that part of dominance deviation which are not attributable to b 1 and b 2 . Item c tests the presence of maternal effects whereas item d tests the reciprocal differences other than c. (Singh and Chaudhary, 1985) .
Diallel cross analysis method developed by Hayman (1954) , Jinks (1954) , Jinks and Hayman (1953) and applied by Singh and Chaudary (1985) was also used to determine gene action and genetic components of variation. Finally, genetic correlation between studied characters was calculated according to equations that have been mentioned by Walter (1975) . 
. n y rs y   RESULTS AND DISSCUSION 1. Parents, F1 and reciprocals performance: There were high significant differences for all studied characters under stress and non-stress conditions among genotypes (parents, F1s and reciprocals) ( Table,3 It can be concluded that parent [5] exceeded over the other parents in most characters; it was the earliest in days to flowering, and better in plant height, flag leaf area, spike length, no. of grains/spike, biomass yield/plant and grain yield/plant. Parent [2] exceeded for no. of spikes/plant and 1000-grain weight under stress conditions. While under non-stress conditions, parent [1] was better in plant height, no. of grains/spike, 1000-grain weight and harvest index and parent [4] for flag leaf area, spike length, no. of spikes/plant, biomass yield and grain yield. Regarding the crosses, hybrid [3×4] was earlier to flowering and better in no. of spikes/plant, no. of grains/spike, biomass yield, grain yield and harvest index under stress conditions. While under non-stress conditions, the hybrid [2×5] exceeded in spike length, no. of grains/spike and harvest index.
Combining ability:
Estimates of GCA effects for individual parent for each trait under stress(S) and non-stress (NS) condition are presented in Table ( 4) . The parents and crosses which have negative significant GCA and SCA effects, respectively are desirable in case of days to flowering and plant height. Parent [1] showed desirable GCA effects for plant height, no. of grains/spike, 1000-grain weight, grain yield/plant and harvest index under stress conditions and for days to flowering, flag leaf areaand 1000-grain weight under non-stress condition. Parent [2] had a desirable effect for days to flowering, plant height and no. of spikes/plant under stress conditions and for plant height, spike length, no. of grains/spike, grain yield and harvest index under non-stress conditions. Parent [3] had a desirable effects for days to flowering, spike length and no. of grains/spike under stress conditions and for days to flowering, spike length, no. of spikes/plant, no. of grains/spike and biomass yield/plant under non-stress conditions. Parent [4] showed desirable GCA effects for no. of spikes/plant and no. of grains/spike and harvest index under stress conditions and for spike length, no. of spikes/plant, no. of grains/spike, 1000-grain weight, biomass yield/plant, grain yield/plant and harvest index under non-stress conditions. Parent [5] had a desirable effect for days to flowering, flag leaf area, biomass yield and grain yield/plant under stress conditions and for 1000-grain weight under non-stress conditions. It can be noted that parent [1] showed desirable GCA effects for maximum number of traits (5 traits) consists of plant height, no. of grains/spike, 1000-grain weight, grain yield/plant and harvest index under stress conditions and parent [4] for (7 traits) consists of spike length, no. of spikes/plant, no. of grains/spike, 1000-grain weight, biomass yield/plant, grain yield/plant and harvest index under non-stress conditions.
The data regarding SCA effects presented in Table ( The data in Table ( 6) showed that the cross [5×3] had a desirable reciprocal effects for the largest number of traits (8 traits), (days to flowering, plant height,spike length, no. of spikes/plant, no. of grains, biomass yield/plant, grain yield/plant and harvest index) followed by [4×1 and 5×1] for 7 traits (days to flowering, flag leaf area, spike length, no. of spikes/plant, biomass yield/plant, grain yield/plant and harvest index) (days to flowering, plant height, no. of spikes/plant, 1000-grain weight, biomass yield/plant, grain yield/plant and harvest index), respectivelyand [4×3] for 6 traits (days to flowering, no. of spikes/spike, no. of grains/spike, biomass yield/plant, grain yield/plant and harvest index) under stress conditions. While under non-stress conditions the cross [5×2] showed a desirable SCA effects for 7 traits (days to flowering, no. of spike/plant, no. of grains/spike, 1000-grain weight, biomass yield/plant, grain yield/plant and harvest index), followed by [4×1] for 6 traits (days to flowering, flag leaf area, no. of spikes/plant, no. of grains/spike, grain yield/plant and harvest index). The significant result of GCA and SCA suggests that both additive and non-additive gene effects were involved in the expression of these indices.
The results of combining ability revealed that the parents [1 and 4] proved as a best general combiner for higher values of traits (5 and 7 traits) under stress and non-stress conditions, respectively. These two parents can be used in hybridization program for obtaining desirable combinations, while in case of hybrids the results of SCA and reciprocal effects revealed that the hybrids [1×4, 5×3]had a best specific combiner in desirable direction for eight traits followed by [3×4,4×1 and 5×1] for seven traits under stress conditions, while under non-stress conditions, the results indicated that the cross [3×4 and 5×2] had a best specific combiner in desirable direction forseven traits followed by [1×3 and 4×1] for six traits. Other researchers also obtained parents which showed a desirable GCA and SCA or reciprocal effects of hybrids for different traits using different genotypes (Kashif and Khan, 2008 , Mahpara et al., 2008 , Adel and Ali, 2013 . 
Gene action: A. Hayman analysis:
Mean square values of the Hayman genetic analysis are presented in Table (7) . Component a, which is an estimation of additive variance and b which is non-additive has beenhighly significant for all studied traits except for flag leaf area, no.of spikes/plant and 1000-grain weight under stress conditions and for no. of spikes/plant under non-stress conditions. Based on the method proposed by Hayman (1954) , this component of variance was divided into b1, b2, b3. Component b1 means the comparison of parents with crosses. Component b1 has been significant for no. of spikes/plant, no. of grains/spike and 1000-grain weight under stress conditions. While it is significant for all traits under non-stress conditions excluding days to flowering and flag leaf area, which means that highly significant of this item displaying the importance of dominance effects (Unidirectional) while non-significant indicated the absence of directional dominance of the genes. Component b2 shows the special heterosis of each parent. The significance of this component determines if the deviation of F 1 from the average parents changes from one parent to another. This happens when the frequency of dominant allele are different (Aghamiri et al., 2012) . This component was significant for days to flowering, no. grains/spike, 1000-grain weight, biomass yield/plant and grain yield/plant under stress conditions. While for all traits under non-stress conditions excluding plant height, no. of grains/spike and biomass yield/plant, which means scattering in dominant allele's distribution for these traits. Important role of specific dominant deviation of genes was indicated by significant b3 item. This component has been significant for all traits under stress conditions. While it is significant only for no. of grains/spike, 1000-grain weight and harvest index under non-stress conditions. Significant c and d items indicated the presence of maternal and reciprocal effects, respectively. Those two components were significant for all traits under stress conditions excluding harvest index in item d and for flag leaf area and no. of spike/plant in item c under non-stress conditions, while for plant height in both items under non-stress conditions. Mather and Jinks (1982) reported that the advantage of ANOVA components Hayman method are their validity irrespective of whether there are maternal or reciprocal diff erences among the progeny families and whether the parental lines are a fixed sample or a random sample of a population of inbred lines.
B. Jinks -Hayman analysis:
The estimates of genetic components of variation are given in Table (8); these components consists of variance of parent (i) and its offspring (Vp), mean variance of F 1 arrays ( r V  ), variance of means of F1 arrays ( _ r V ), mean of covariance between parents and F 1 arrays ( r W _ ) and different square between grand mean and mean of parents (ML 1 -ML 0 )², then by using the equations which are suggested by Ferreria (1988) components of variation were computed and genetic constants and tests according to Singh and Choudhary (1985) method for further elaboration of the genetic system controlling the studied traits in durum wheat (Table, 9) . The results revealed a significant role of additive genetic component (D) for the inheritance of days to flowering, flag leaf area spike length, no. of spikes/plant, no. of grains/spike and biomass yield under stress conditions and days to flowering, spike length, no. of spike/plant, 1000-grain weight, biomass yield/plant, grain yield and harvest index under non-stress conditions. The positive values of F (mean of variance of additive and dominance effects) for all traits excluding for plant height under stress conditions and for days to flowering and no. of grains/spike under stress and non-stress conditions indicated that there were more dominant than recessive alleles regardless of positive or negative direction; in other words, this component indicates unequal distribution of dominant and recessive gene frequencies in the parents. These results supported by the ratio of dominant to recessive alleles KD/KR which was more than one showing the importance and greater proportion of dominant gene. The non-additive component (H1) was found to be important for the genetic control of all the traits under stress and non-stress conditions excluding grain yield/plant under stress conditions. Additive and nonadditive genetic components were significant for all traits, except for flag leaf area and grain yield/plant under stress only. However, the relative magnitude of dominant component (H2) was higher as compared to additive Table (7) Analysis of variance according to (Hayman, 1954) component (D) in all the traits in both cases, indicating the preponderance of dominant gene effects in controlling the inheritance of these traits.Unequal values of (H1) and (H2) indicated the presence of positive and negative alleles in unequal frequencies. This was also supported by the ratios of (H2/4H1) that were less than 0.25 for all traits except plant height in both cases, it was suggested that when the genes are equally distributed among the parents, this value is equal to 0.25 (Singh and Chaudhary, 1985) . The value of h 2 was significantfor plant height, no. of spikes/plant and 1000-grain weight under stress conditions and for plant height, spike length, no. of spikes/plant, 1000-grain weight, biomass yield/plant, grain yield/plant and harvest index under non-stress conditions showing the presence of overall dominant gene effects due to heterozygous loci affecting the expression of those traits. Expected environmental component of variation E was found nonsignificant for all traits except no. of spikes/plant under stress conditions and biomass yield/plant under non-stress conditions indicating the influence of environment on those traits. The average degree of dominance (H1/D) 1/2 was >1 for all traits in both cases indicating that these traits were controlled by over-dominance of genes. The component h 2 /H2 measures the number of groups of genes which control the trait and exhibited dominance. In this study, the value of genetic ratio h 2 /H2 estimated for studied traits indicates that it's at least one genetic group involved in the control of heredity. The narrow sense heritability H n.s. was low for flag leaf area, moderate for no. of grains/spike and 1000-grain weight, high for remaining traits under stress conditions. While low for no. of grains/spike, moderate for days to flowering, flag leaf area and grain yield/plant, high for remaining traits under non-stress conditions, indicating that selection for improvement of these traits would be effective. Similar results were also reported by Rabbani et al. (2009) . A comparison of dominance degree for parents with mean values in each trait was shown in the Table (10); it can be noticed that the convergence matching some parents in terms of this comparison, such as parent 5 in harvest index, and it means the possibility to get advantage of this parent to improve these traits, while the other traits and parents differed in the sequence of degree of dominance and means, indicating other effects had an impact in different mean values of the parents. But that does not diminish the importance to refer for some outstanding parents in both sequence degree of dominance or means of traits, for instance: The parent 1 had a first rank in the degree of dominance in the days to flowering, spike length, no. of grains/spike, biomass yield/plant and grain yield/plant under stress conditions and parent 5 in plant height, no. of spikes/plant, biomass yield/plant and grain yield/plant under non-stress conditions, furthermore in 1000-grain weight and harvest index under stress conditions, while the parent 5 had a first rank in sequence means in all traits except no. of spikes/plant and 1000-grain weight under stress conditions; and parent 4 in spike length, no. of spikes/plant, biomass yield/plant and grain yield/plant under non-stress conditions, indicating possibility to get advantage of these two parents in hybridization breeding programs. (2004), Sharief et al. (2006) and Abdel-Moneam (2009) . 5. Genetic correlation: Genetic correlation coefficients, calculated from the data obtained for parental and their F1 hybrids and reciprocals are presented in Table (1 2) . GY were highly positive correlated with NS, NG, BY, HI at both conditions. No significant positive genotypic correlation existed between yield components (SN, GN and GW), except between NG and NS at non-stress conditions. The negative correlation of GY with DF at stress and PH at non-stress conditions in addition to positive correlations between GY and other traits. Generally, among the measured traits, GY exhibited the highest value of genetic correlation with BY in both stress (0.860) and non-stress (0.930) conditions followed with HI (0.781) and (0.962) under stress and non-stress conditions, respectively. Also other researchers established the importance of biological yield for the GY increase in wheat (Reynolds et al., 2007, Yani and Rashidi, 2012) , especially under stress conditions. Also, Kirigwi et al. (2004) reported positive and significant correlation for GY with BY and HI under various regimes of moisture stress. These results suggest that these traits therefore deserve better attention in future breeding programs for evolving better durum wheat. 
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